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Abstract of CN1287353 
The present invention provides one 
CD recorder, which has less 
consumption in pov/er calibration area 
while updating record power properly 
to prevent degradation in record 
quality, and its optimal record power 
setting method. The CD recoder has 
optimal record power obtained via trial 
write and the amplitude level Am of 
replayed RF signal stored in power 
calibration area. The amplitude level 
Ar obtained via replaying the trial 
write area is compared with the stored 
Am. The stored optimal record power 
is updated through further trial write if 
the amplitude level is reduced and is 
maintained for further use if the 
amplitude level maintains unchanged. 
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Optical disc recording device 



Description of corresponding document: US6339578 
FIELD OF THE INVENTION 

. [0002] The present invention relates to an optical disk recording apparatus and, 
more particularly, to an optical disk recording apparatus having a structure for 
calibrating an optimum recording power when data is recorded on an optical disk. 
BACKGROUND OF THE INVENTION 

[0003] When data is recorded on a write-once optical disk or the like, in order to 
obtain stable recording quality, trial writing is performed in a power calibration 
area on the disk prior to recording, by using plural different recording power 
values. Then, the area in which the trial writing is performed is reproduced to detect 
asymmetry of reproduction signals (RF signals), whereby an optimum recording 
power at the recording is set. 

[0004] Usually, trial writings can be performed one hundred times in a power 
calibration area of a write-once optical disk. Therefore, consumption of the 
calibration area should be reduced. Conventionally, the consumption of the 
calibration area has been reduced in the following way. 

[0005] When the trial writing is perfomied once and an optimum recording power 
is detected, the detected optimum recording power is stored in a memory in an 
optical disk recording apparatus, together with a disk identification code for 
identifying the disk. In case of write-once optical disks, information of a disk in 
process of recording is held in a PMA (program memory area) of the disk, where a 
disk identification code for identifying each disk can also be recorded. 
[0006] When additional recording is performed, the disk identification code is read 
out from the PMA, while the optimum recording power corresponding to the disk 
identification code is read out from the memory in the optical disk recording 
apparatus. Then, additional recording is performed using the readout optimum 
recording power. Thereby, even if the additional recording is perforaied after the 
disk is taken out and then reinserted, or the power is turned off and then turned on, 
recording can be performed without performing the trial writing again, thereby 
reducing the consumption of the calibration area, 

[0007] As an example, Japanese published patent Hei. 6-349066 discloses a 
recording laser power setting apparatus which can obtain an optimxim recording 
laser power corresponding to each CD-R disk 

[0008] However, the above-mentioned conventional structure in the optical disk 
recording apparatus, for reading out the optimum recording power corresponding to 
each disk from the memory therein, to perform additional recording has tiie 
following problem. Due to changes with time in a pickup in the optical disk 
recording apparatus, particularly dirt or dust accumulated in the pickup, the 
optimum recording power changes. Consequently, if recording is performed using 
the optimum recording power stored in the memory, the recording quality is 
deteriorated, 

SUMMARY OF THE INVENTION 

[0009] The present invention is made to solve the above-mentioned problem, and it 
is an object of the present invention is to provide an optical disk recording 
apparatus which can reduce consumption of the power calibration area, as well as 
cope with changes with time in a pickup. 
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[0010] Other objects and advantages of the present invention will become apparent 
from tfie detailed description and a specific embodiment described is provided only 
for illustration since various additions and modifications within the spirit and scope 
of the invention will be apparent to those of skill in the art from the detailed 
description. 

XOOl 1] According to a method of the present invention, the above object can be 
achieved by checking whether there is a change in an optimum recording power for 
each disk stored in a memory in an optical disk recording apparatus prior to 
additional recording on an optical disk, deciding whether desired recording quality 
can be obtained if the additional recording is performed using the stored optimum 
recording power, and when it is decided that some problems occur if the stored 
optimum recording power is used, performing trial writing again to set a new 
optimimi recording powen 

[0012] An optical disk recording apparatus according to a first aspect of the present 
invention comprises: an optimum recording power setting unit for obtaining an 
optimum recording power of a laser diode when data is recorded on an optical disk, 
by performing trial writing in a power calibration area on the optical disk; an 
amplitude level calculating unit for obtaining an amplitude level of a reproduction 
signal which is obtained by reproducing an area in the power calibration area in 
which the trial writing is performed with the obtained optimum recording power; a 
memory for storing the obtained optimum recording power and the amplitude level 
of the reproduction signal; and a comparing unit for comparing a difference 
between the amplitude level of the reproduction signal stored in the memory and an 
amplitude level of a reproduction signal which is obtained by reproducing again the 
area in which the trial writing is performed with the optimum recording power, to a 
prescribed value, when additional recording is performed on the optical disk; 
wherein the optimum recording power setting unit performs trial writing in the 
power calibration area and sets an optimum recording power to be used in the 
additional recording when the comparing unit decides that the difference exceeds 
tiie prescribed value, and sets the optimima recording power stored in the memory 
as an optimum recording power to be used in the additional recording when the 
comparing unit decides that the difference does not exceed the prescribed value. 
Therefore, even when there are changes with time in the pickup of the optical disk 
recording apparatus, or particularly, dirt or dust are accumulated in the pickup, the 
optimum recording power can be set again, thereby preventing the recording 
quality from being deteriorated. 

[0013] A method for setting an optimum recording power in an optical disk 
recording apparatus according to a second aspect of the present invention comprises 
the steps of: obtaining an optimum recording power of a laser diode when data is 
recorded on an optical disk, by performing trial writing in a power calibration area 
on the optical disk; obtaining an amplitude level of a reproduction signal which is 
obtained by reproducing an area in the power calibration area in which the trial 
writing is performed with the obtained optimum recording power; storing the 
obtained optimum recording power and the amplitude level in the memory; when 
additional recording is performed in the optical disk, comparing a difference 
between the amplitude level of the reproduction signal stored in the memory and an 
amplitude level of a reproduction signal which is obtained by reproducing again the 
area in which the trial writing is performed with the optimum recording power, to a 
prescribed value; performing trid writing in the power calibration area and setting 
an optimum recording power to be used in the additional recording when it is 
decided that the difference exceeds the prescribed value; and setting the optimum 
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recording power stored in the memory as an optimum recording power to be used 
in the additional recording when it is decided that the difference does not exceed 
the prescribed value. Therefore, effects as those in the first aspect of the present 
invention are obtained. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0014] FIG. lis a block diagram illustrating an optical disk recording apparatus 1 
according to an embodiment of the present invention. 

[0015] FIG. 2 is a flowchart for explaining an operation of setting an optimum 
recording power by the optical disk recording apparatus 1 according to the 
embodiment of the present invention, 

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS 
[0016] An embodiment of the present invention will be described with reference to 
the attached figures. FIG. 1 is a block diagram illustrating an optical disk recording 
apparatus 1 according to the embodiment of the present invention. 
''[0017] The optical disk recording apparatus 1 comprises a spindle motor 104 for 
driving a write-once optical disk 101, a servo circuit 105 for controlling rotation of 
the spindle motor 104, a pickup 106 for recording data in a data area 103 on the 
write-once optical disk 101, the pickup 106 mounting a laser diode 107, a LD 
drivmg circuit 108 for driving the laser diode 107, a D/A converting circuit 109 for 
obtaining a driving current for driving the LD driving circuit 108, an RF signal 
generating circuit 1 10 for generating a reproduction signal (RF signal) from a 
signal which is obtained by reading out a power calibration area 102 by the pickup 
106,^^a^geak^ detecting circuiU iUbr detecting a peak level and a bottom 
levelofiEe RF signal, an A/D converting circuit 1 12 for A/D-converting the peak 
level and the bottom level, an optimum recording power setting unit for setting a 
recording power value of the laser diode 107, a memory for storing the optimum 
recording power and an amplitude level which is described later, an amplitude level 
calculatmg unit 1 15 for detecting an amplitude level Am of liie RF signal, and a 
comparing unit 1 16 for comparing an amplitude level Ar detected at additional 
recording with the amplitude level Am stored in the memory 114. 
[0018] The optimum recording power setting unit 1 13 obtains an optimum 
recording power of a light emitted fi-om the laser diode 107 when data is recorded 
on the optical disk 101, by performing trial writing in the power calibration area 
102 on the optical disk 101, and records the obtained power value in the memory 
114, In performing additional recording, when the comparing unit 1 16 decides that 
difference between the amplitude levels Ar and Am exceeds a prescribed value by 
an operation as described later, the optimum recording power setting unit 1 13 
performs trial writing in the power calibration area 102 and sets an optimum 
recording power to be used at the additional recording. When the comparing unit 
116 decides that the difference between the amplitude levels Ar and Am does not 
exceed the prescribed value, the optimum recording power setting unit 113 sets the 
optimum recording power stored in the memory 1 14 as an optimimnt recording 
power to be used at the additional recording in the optical disk 101. 
40019] Next, an operation of the optical disk recording apparatus 1 according to the 
embodiment will be described with reference to FIG. 2. FIG. 2 is a flowchart for 
explaining the operation of setting an optimum recording power by the optical disk 
recording apparatus 1. 

[0020] Prior to recording data in the data area 1 03 on the write-once optical disk 
101, an optimum recording power should be obtained. 
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[0021] In steps SI and S2, it is decided whether data has been recorded on the 
write-once optical disk lOK That is, it is checked whether information of an 
optimum recording power or the like relating to the write-once optical disk 101 on 
which data should be recorded is stored in the memory 1 14 in the apparatus. First, 
in step SI, the amplitude level Am and an optimum recording power PC which are 

* stored when the trial writing is previously performed are read out from Ae memory 
1 14. In step S2, it is decided whether the amplitude level Am and the optimum 

^ recording power PO are stored. When it is decided that data of the amplitude level 
Am and the optimum recording power PO do not exist in the memory 1 14, the 
processing goes to step S6. 

[0022] In step S6, the trial writing is performed once in the power calibration area 
102 on the write-once optical disk 101. First, the optimum recording power setting 
unit 113 sets plural recording power levels of the laser diode 107. The D/A 
converting circuit 109 D/A-converts the set recording power levels respectively and 
then the laser driving circuit 108 converts the same into a driving current for 
driving the laser diode 107 mounted on the pickup 106. Then, the laser diode 107 
performs the trial writing in the power calibration area 102 at the set plural different 
recording power levels. 

[0023] After the trial writing, the power calibration area 102 is reproduced and 
asymmetry of reproduction signals (RF signals) thereof is detected, whereby an 
optimum recording power PI is detected. That is, the pickup 106 reproduces the 
power calibration area 102 and the RF signal generating ch'cuit 110 generates an 
RF signal. Then, the peak/bottom detecting circuit 1 1 1 detects a peak level and a 
bottom level of the RF signal. The A/D converting circuit 1 12 A/D-converts signals 
of the detected peak level and bottom level, and the optimum recording power 
setting unit 13 captures the converted signals. The optimum recording power 
setting unit 113 detects asymmetry of the RF signals from the peak Level and the 
bottom level, thereby setting the optimum recording power PI. 
[0024] Then, in step 57, an area in the power calibration area 102 in which data is 
recorded with the optimum recording power PI is reproduced and an amplitude 
level Aw of an RF signal of the area is detected. That is, the area in which the 
optimum recording power PI is detected is reproduced by the pickup 106, and the 
. amplitude level Aw is detected through the RF generating circuit 110, the 
peak^ottom detecting circuit 1 1 1, the A/D converting circuit 1 12, and the 
amplitude level calculating unit 115. 

[0025] In step S8, the optimum recording power PI detected in step S6 and the 
amplitude level Aw detected in step S7 are stored in the memory 1 14, Then, in step 
S9, recording is started in the data area 103 using the optimum recording power PI. 
[0026] Hereinafter, an operation of calibrating an optimum recording power prior 
to the additional recording on the write-orice optical disk 101 will be described. 
That is, the operation when it is decided in step S2 that the data of the amplitude 
level Am and the optimimi recording power PO exist in the memory 114 will be 
described. The additional recording is often performed after time elapses from the 
preceding recording. Therefore, there is a possibility that the optunum recording 
power changes due to changes with time in the pickup 106 or the like. In this 
embodiment, since the apparatus has a structure for calibrating the optimum 
recording power as described later, the apparatus can cope with the case where the 
optimum power value changes. 

[0027] As described above, before the additional recording, the optimum recording 
power PO at the preceding recording and the amplitude level Am of the RF signal 
corresponding thereto, which are stored in the memory 1 14 for each write-once 
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optical disks 101, are read out in step SI. Then, in step S2, it is decided v^^ether the 
data of the amplitude level Am and the optimum recording power PO are recorded. 
In C9se of the calibration operation, since the data of Am and PO are akeady stored, 
it is decided "YES" and the processing goes to step S3. 

[0028] In step S3, an area in the power calibration area 102 in which the optimum 
•recording power PO is detected is reproduced by the pickup 106, and the amplitude 
level Ar of the RF signal is detected through the RF generating circuit 1 10, the 
. peak^ottom detecting circuit 1 1 1 , the A/D converting circuit 112, and the 
amplitude level calculating unit 115. 

[0029] In steps S4 and S5, the comparing unit 116 compares the amplitude level 
Am read out from the memory 1 14 with the amplitude level Ar detected in step S3. 
If there are influences of dust or dirt, or changes with time in the pickup 106, the 
amplitude level Ar naturally becomes smaller than the amplitude level Am, 
Therefore, if the additional recording is performed using the same optimum 
recording power PO as that used at the preceding recording, an appropriate RF 
signal caimot be obtained. 

[0030] Accordingly, in step S5, when the ratio Ar/Am of the amplitude level Ar 
detected at the additional recording to the amplitude level Am detected at the 
preceding recording is a prescribed threshold or below, it is decided that the 
optimum recording power should be renewed. Then, the processing of trial writing 
subsequent to step S6 is performed. A new optimum recording power is obtained 
and an amplitude is calculated, and the content stored in the memory 1 14 is 
renewed with a newly obtained optimum recording power and an amplitude level. 
[0031] As a result of the comparison in step S5, when the difference between Am 
and Ar is quite small and the ratio Ar/Am is larger than the prescribed threshold, 
the processing goes to step S9 and the recording can be performed in the data area 
103 using the optimimi recording power PO. Therefore, there is no need of trial 
writing in this case and the consumption of the power calibration area 102 can be 
reduced. Here, the threshold can be previously set as a value which is decided 
taking in account of the recording and reproducing performance. 
[0032] It should be noted that the optimum recording power setting unit 1 13, the 
amplitude level calculating unit 115, and the comparing unit 1 16, which are 
described in this embodiment are realized by a program by a microcomputer such 
as a CPU. 

[0033] As described above, according to this embodiment of the present invention, 
the optimum recording power and the amplitude level which are obtained by 
performing the trial writing in the power calibration area are stored in the memory 
and it is decided whether the stored amplitude level changes when the additional 
recording is performed. At this time, when the amplitude level greatly changes due 
to the changes with time in the pickup or the influences of dirt or dust accumulated 
in the pickup and it is decided that there is a possibility that the recording quality is 
deteriorated if the recording is performed using the stored optimum recording 
power, the trial writing is performed again and a new optimum recording power is 
set Therefore, even when there exist changes v/ith time in the pickup of the optical 
disk recording apparatus, or particularly, dirt or dust are accumulated in the pickup, 
the optimum recording power can be set agam, thereby preventing the recording 
quality from being deteriorated. 

[0034] Further, the content stored in the memory is renewed with the newly 
obtained optimum recording power and the amplitude level, whereby the optimum 
recording power and the amplitude level can be used at the subsequent recording as 
a reference. 
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Optical disc recording device 

Claims of corresponding document: US6339578 

What is claimed is: 

[0036] 1. An optical disk recording apparatus comprising:an optimum recording 
power setting unit for obtaining an optimum recording power of a laser diode when 
data is recorded on an optical disk, by performing trial writing in a power 
calibration area on the optical disk; an amplitude level calculating unit for obtaining 
an amplitude level of a reproduction signal which is obtained by reproducing an 
area in the power calibration area in which the trial writing is performed with the 
obtained optimum recording power; a memory for storing the obtained optimum 
recording power and the amplitude level of the reproduction signal; and a 
comparing unit for comparing a difference between the amplitude level of the 
reproduction signal stored in the memory and an amplitude level of a reproduction 
signal which is obtained by reproducing again the area in which the trial writing is 
performed with the optimum recording power, to a prescribed value, when 
additional recording is performed on the optical disk; wherein the optimum 
recording power setting unit performs trial writing in the power calibration area and 
sets an optimum recording power to be used in the additional recording when the 
comparing unit decides that the difference exceeds the prescribed value, and sets 
the optimum recording power stored in the memory as an optimum recording 
power to be used in the additional recording when the comparing unit decides that 
the difference does not exceed the prescribed value. 

[0037] 2. A method for setting an optimxmi recording power in an optical disk 
recording apparatus comprising the steps of:obtaiiiing an optimum recording power 
of a laser diode when data is recorded on an optical disk, by performing trial 
writing in a power calibration area on the optical disk; obtaining an amplitude level 
of a reproduction signal which is obtained by reproducing an area in the power 
calibration area in which the trial writing is performed with the obtained optimum 
recording power; storing the obtained optimum recording power and the amplitude 
level in the memory; when additional recording is performed on the optical disk, 
comparing a difference between the amplitude level of the reproduction signal 
stored in the memory and an amplitude level of a reproduction signal which is 
obtained by reproducing again the area in which the trial writing is performed with 
the optimum recording power, to a prescribed value; performing trial writing in the 
power calibration area and setting an optimum recording power to be used in the 
additional recording when it is decided that the difference exceeds the prescribed 
value; and setting the optimum recording power stored in the memory as an 
optimum recording power to be used in the additional recording when it is decided 
that the difference does not exceed the prescribed value/ 
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